Treatment of alcohol use disorder (AUD) is complicated by the presence of psychiatric comorbidity including posttraumatic stress disorder (PTSD). This is a critical review of the literature to date on pharmacotherapy treatments of AUD and PTSD. A systematic literature search using PubMed MESH terms for alcohol and substance use disorders, PTSD, and treatment was undertaken to identify relevant randomized controlled trials (RCTs). The studies were independently evaluated (ILP and TLS) and those that evaluated the efficacy of a pharmacotherapy for individuals diagnosed with AUD and PTSD and were RCTs were selected. Studies were grouped in 3 categories: (i) those that evaluated firstline treatments for PTSD, (ii) those that evaluated medications to target AUD, and (iii) those that evaluated medications hypothesized to be effective in targeting alcohol consumption as well as PTSD symptoms. Nine RCTs were identified; 3 focused on medications to treat PTSD, 4 focused on AUD, and 3 to target both. One study included both a medication to treat PTSD and 1 to treat AUD so was discussed twice. All but 1 of the studies found that PTSD symptoms and drinking outcomes improved significantly over time. There is not 1 agent with clear evidence of efficacy in this comorbid group. The results for medications to treat PTSD are inconclusive because of contradictory results. There was weak evidence to support the use of medications to treat AUD among those with comorbidity with PTSD. Findings for medications that were hypothesized to treat both disorders were also contradictory. Most studies provided a combination of interventions to treat both disorders. Despite the contradictory results, this review suggests that individuals with AUD and comorbid PTSD can safely be prescribed medications used in noncomorbid populations and patients improve with treatment.
E VIDENCE-BASED pharmacological treatments for alcohol use disorders (AUD) evaluated in well-designed clinical studies are not being adopted in clinical treatment settings as evidenced by the low uptake of the use of medications to treat AUD (Jonas et al., 2014) . With new provisions for reimbursement for treatment for addiction under the Affordable Care Act, there may be new contingencies and motivations for agencies to adopt best practices. However, if evidence-based treatments continue to be only narrowly disseminated and adopted, treatment organizations, some of which are motivated by profit only, may offer treatments that are at best not effective and at worst are harmful (Woodworth and McLellan, 2016) . One of the reasons for this low uptake may be a mismatch between "real-world" clinical populations which have high rates of concurrent psychiatric comorbidity, and the participants in clinical trials in which patients with comorbidity are often systematically excluded (e.g., Anton et al., 2003; Johnson et al., 2003 Johnson et al., , 2007 Mason et al., 2014) . Conducting studies in populations with "multimorbidities" is increasingly recognized as an important area of study. This concept challenges the single disease framework used throughout medicine in education, reimbursement, and research (Barnett et al., 2012) . Because efficacy may be different in those with comorbid conditions, treatments for multimorbidities need to be tested empirically.
One important comorbid condition for individuals with AUD is posttraumatic stress disorder (PTSD). The symptoms which occur after the experience of a traumatic event include: intrusive symptoms associated with the traumatic event, persistent avoidance of stimuli related to the event, negative changes in cognition and mood, and alterations in arousal and reactivity (American Psychiatric Association, 2013) . PTSD has a lifetime prevalence of approximately 6.8% of the general population (Kessler et al., 2005) and a 12-month prevalence of 3.5%; both rates are higher among women than men (Kessler et al., 2005) . Other populations also have higher incidence including military veterans, with lifetime rates as high as 30% in Vietnam era veterans (Kulka et al., 1990) . Individuals with PTSD have high rates of comorbid alcohol and substance use disorders (Kessler et al., 1995) ; these rates range from 28% to as high as 75% of individuals (Baker et al., 2009; Kulka et al., 1990) . Individuals with AUD are also much more likely than the general population to suffer from PTSD (Grant et al., 2015) . Among veterans from the recent conflicts, of those seeking treatment at VA, 11% were diagnosed with a substance use disorder and 55 to 75% of those had comorbid PTSD (Seal et al., 2011) . In a sample of veterans in the community, those with a lifetime history of alcohol use disorders had higher rates of both mood and anxiety disorders (Fuehrlein et al., 2016) . Comorbidity is associated with a number of worse outcomes including higher rates of psychological problems, higher rates of relapse, hospitalizations, as well as medical and social complications such as unemployment and homelessness (Blanco et al., 2013; Drapkin et al., 2011; Ouimette et al., 2006) .
A growing number of studies have attempted to systematically study potential pharmacologic treatments in individuals with comorbidity. These studies range from evaluations of FDA-approved interventions already in use in noncomorbid conditions in comorbid populations to agents that are thought to target the underlying neurobiology of both disorders. This makes sense in light of the evidence that common biological factors are involved in the underpinnings of both disorders. There is a well-documented link between the major neuroendocrine stress response system, the hypothalamic-pituitary-adrenal axis, and the development and maintenance of both PTSD and AUD (Geracioti et al., 2001; Logrip et al., 2012; Pervanidou and Chrousos, 2012) . Stress responses mediated by corticotropin-releasing hormone (CRH) are associated with drug taking behavior in laboratory animals and craving and relapse in humans (Sinha, 2008) . The role of stress and negative emotional states, sometimes termed the "dark side of addiction," is increasingly recognized as important in the development and maintenance of addiction (Koob, 2014; Koob and Le Moal, 2005) . CRH is implicated in fear-related behaviors and the development of PTSD (reviewed in Jacobsen et al., 2001) . Release of CRH stimulates norepinephrine release and norepinephrine is important in attention, arousal, and emotional memories (Arnsten and Pliszka, 2011; Krystal and Neumeister, 2009 ). Norepinephrine levels have been found to be elevated in PTSD (Geracioti et al., 2008) and in alcohol withdrawal (Smith et al., 1990) . Chronic stress has been hypothesized to create a "feed forward" system with an exaggerated stress response CRH-mediated release of norepinephrine may explain some of the symptoms of PTSD including hyperarousal (Jacobsen et al., 2001; Koob, 2008) . It has been hypothesized that individuals with PTSD use substances, particularly those that acutely dampen the stress response, to reduce this response. Noradrenergic agents have been used to treat both PTSD (Boehnlein and Kinzie, 2007; Raskind et al., 2013) and addictive disorders including AUD (Simpson et al., 2009) .
Other neurotransmitter systems are also thought to be involved in the underlying neurobiology of both disorders, most notably dopamine, serotonin, glutamate, and gammaaminobutyric acid (GABA). Dopamine's role in reward and addictive disorders including AUD is well documented (Koob and Volkow, 2016) . Dopamine levels have been associated with alterations in the salience of reward and while not well understood, may influence the rewarding aspects of drugs of abuse including alcohol (Koob and Volkow, 2016) . It should be noted that excess dopamine has also been reported in PTSD and a correlation of dopamine levels and PTSD has been reported (Drury et al., 2009 ). This may be mediated through norepinephrine release which also leads to the release of dopamine and serotonin. Serotonin release is also implicated in alcohol use disorders; however, the role of serotonergic medications in alcohol use disorders is complicated by the heterogeneity of AUD. Serotonin reuptake inhibitors (SRIs) are not effective in treating AUD in noncomorbid populations (Torrens et al., 2005) and SRIs can make drinking worse among those alcohol-dependent subjects with early-onset AUD (Kranzler et al., 1996; Pettinati et al., 2000a,b) . Serotonin release is also associated with stress in PTSD and has been implicated in depression and anxiety. It should be noted that the only medications approved by the Food and Drug Administration to treat PTSD are the SRIs sertraline and paroxetine, although their effect is modest with small effect sizes and some conflicting results (Friedman et al., 2007) .
Recent evidence has also suggested a role in the underlying neurobiology of both PTSD and AUD for glutamate and GABA, which are the most prevalent neurotransmitters in the brain. Glutamate is the most abundant excitatory neurotransmitter while GABA is the main inhibitory neurotransmitter. They work synergistically and are important in regulating the overall level of excitation, as well as in learning and in memory (Davis and Myers, 2002) . These processes are important for memory consolidation, fear learning, and involuntary activation of reward circuits in response to cues and in craving (Kalivas and O'Brien, 2007) . Several brain regions are thought to be particularly relevant for these processes and include the hippocampus, the site of memory formation, the amygdala, and the prefrontal cortex. Circuits between these functions have been hypothesized to be important in the maintenance of addictive disorders (Koob and Volkow, 2016) and PTSD (Sripada et al., 2012) .
Comorbidity between PTSD and AUD represents a key area in alcohol research, made richer by developments in both basic and clinical science and one in which there is an urgent need to identify effective treatments. The purpose of this review was to provide a comprehensive summary of the pharmacological treatment literature that exists for AUD and comorbid PTSD specifically for the alcoholism field. Summarizing this literature can inform researchers and clinicians about effective treatments, future research directions, and may offer insight into underlying mechanisms that can be studied preclinically in a bench to bedside and back approach. While several previous reviews of pharmacologic management have been conducted (Norman et al., 2012; Ralevski et al., 2014; Shorter et al., 2015; Sofuoglu et al., 2014) , this review represents a comprehensive critical review that also extends previous work by including several randomized controlled trials (RCTs) that have been very recently published (Batki et al., 2014; Hien et al., 2015; Petrakis et al., 2016; Simpson et al., 2015) .
MATERIALS AND METHODS
We conducted a comprehensive search on PsycINFO and MED-LINE/PubMed databases using the following MESH terms in various combinations: "PTSD {or post traumatic stress disorder} AUD intervention"; "PTSD alcohol abuse intervention"; "PTSD AUD treatment" "PTSD alcohol abuse treatment"; "PTSD AUD pharmacotherapy"; PTSD AUD medication"; "PTSD alcohol abuse medication"; "PTSD alcoholism treatment"; "PTSD alcoholism medication"; "PTSD alcoholism pharmacotherapy"; PTSD alcoholism intervention". The search resulted in 105 articles, the titles of which were independently evaluated and the abstracts or full text of 63 were further reviewed (ILP and TLS). Ultimately, 9 studies met our inclusion criteria (see Fig. 1 ). The included studies were as follows: (i) those that evaluated the efficacy of a pharmacotherapy with or without behavioral intervention; (ii) the sample consisted of individuals diagnosed with AUD and PTSD; and (iii) those that were RCTs. Studies evaluating medications to treat alcohol use disorders (AUD) and PTSD were grouped into 3 categories: those that focused on first-line treatments for PTSD, the serotonin reuptake inhibitors, those that focused on medications to target alcohol use disorders, and those that focused on medications that have evidence to suggest they may be effective in targeting alcohol consumption as well as PTSD symptoms (see Table 1 ). In this critical review of medication RCTs, we provide an overview regarding within subject changes over time, between-group similarities and differences in AUD and PTSD outcomes, and treatment dropout. The studies were independently evaluated for risk of bias (ILP and TLS) using elements of well-designed clinical trials and include presence or absence of randomization, blinding, and use of intention to treat analysis; all 9 studies included all 3 elements. Effect size calculations were also conducted on the positive studies and are included in Table 2 .
RESULTS
Overall, we found 9 relevant medication RCT studies. One of the studies reviewed was based on subgroup secondary analyses that were not the study's original focus (Petrakis et al., 2006) and another was a 4-week inpatient study in which PTSD symptoms, but not alcohol consumption, were evaluated (Kwako et al., 2015) . Given the paucity of studies, we opted to include the latter 2 studies in this review (see Table 1 ). The results of these 2 studies do not significantly alter the conclusions/recommendations except to help suggest future research directions.
Medications Targeting PTSD
To date, 3 published studies have evaluated medications used to treat PTSD symptoms among individuals with cooccurring AUD and PTSD. All 3 evaluated 1 of the serotonin reuptake inhibitor antidepressants approved by the Food and Drug Administration to treat PTSD; 2 used sertraline and 1 evaluated paroxetine. Following a small openlabel study (Brady et al., 1995) using sertraline to treat both PTSD and alcohol consumption in a small comorbid group, these investigators (Brady et al., 2005) were the first to conduct a moderately large randomized clinical trial to evaluate whether this medication would be effective at reducing alcohol consumption and PTSD symptoms among individuals with current PTSD and alcohol dependence (AD). Subjects in this study were 94 outpatients; almost 50% were women. Randomized subjects had a 1-week placebo run-in phase and were then treated with sertraline (150 mg) versus placebo for 12 weeks; all subjects received cognitive behavioral therapy (CBT) focused on addiction rather than on PTSD symptoms. Retention and compliance were reported as mean riboflavin levels and treatment completion rates; both indices were similar across groups and there were no reported medication discontinuations (see Table 2 ). The PTSD symptoms and the alcohol use outcomes which included percentage of drinking days, the number of drinks per day, the number of heavy drinking days all significantly decreased over time, but there were no between-groups medication effects. There were trends suggesting that PTSD symptom severity, based on the Clinician-Administered PTSD Scale (CAPS; Blake et al., 1990 ) total scores and the intrusion and hyperarousal subscales, was lower for the sertraline-treated groups. In a Fig. 1 . PRISM diagram. *One study used both a medication for PTSD and a medication for AUD so is included twice. Originally 12-week study. subgroup analysis based on age of onset of each disorder, the authors found that less severe alcohol dependence was associated with better outcomes on sertraline while those with more severe alcohol dependence had worse outcomes. These results are consistent with results in AD that show that serotonin reuptake inhibitor response is dependent on alcohol use disorder subtype, such as early-onset AD (Kranzler et al., 1996; Pettinati et al., 2000a,b) . The second serotonin reuptake inhibitor study used a 2 9 2 design and evaluated paroxetine (40 mg) with an active control, the noradrenergic antidepressant desipramine (200 mg) (Petrakis et al., 2012) . Subjects were also randomized to receive naltrexone (50 mg) or placebo, resulting in 4 cells. All subjects received Medication Management therapy in this 12-week trial. In this section, we describe the paroxetine and desipramine results, and in the following section on AUD medications, we cover the naltrexone results. Subjects in this study were 88 outpatients, with PTSD and current AD; they were mostly male (90%) veterans with an average age in their mid-40s. There was a significant difference in completion rate between medication groups, such that the desipramine-treated individuals had better retention than the paroxetine-treated participants (65.2% vs. 36.5%) and there was significantly better medication compliance with desipramine compared with paroxetine. There was a significant decrease over time in PTSD symptoms for all subjects as a group (significant effect of time), but no medication effect between the paroxetine-and desipramine-treated subjects. In terms of alcohol use outcomes, there was a significant decrease in alcohol consumption for all subjects, and there was a medication effect, such that the desipramine group reported a significantly greater decrease in percent drinking and heavy drinking days, drinks per week, and drinks per drinking days compared with the paroxetine-treated groups; these results were confirmed by biological marker results using gamma-glutamyl transferase (GGT) levels.
The third RCT to use a serotonin reuptake inhibitor also evaluated sertraline (200 mg) and compared it with placebo in outpatients (n = 69) with AD and current full or subthreshold PTSD (Hien et al., 2015) . This study included a majority of women (81%), and all subjects were offered 12 sessions of Seeking Safety in an individual setting. Subjects attended approximately half of the Seeking Safety sessions with no significant differences in attendance between groups (sertraline: 6.0 sessions vs. placebo: 6.7), and there was no difference in medication adherence between groups. Outcomes were assessed at the end of treatment, and 6-and 12-month follow-up. The results of this study are complicated and limited by missing data at various end points. Overall, there was a significant decrease in PTSD symptoms over time at the end of treatment for both groups, which was sustained at 6 and 12 months. There was a trend toward a significant between-group difference in PTSD symptoms with greater decrease in symptoms among those on sertraline. Further, using an index of clinically meaningful change as an outcome, which was defined as 15-point drop in CAPS, there were significantly more participants with a clinically meaningful change in the sertraline group compared with the placebo group (79% vs. 48%) at the end of treatment. These results were sustained at posttreatment with a nonsignificant difference at 6-month follow-up and a significant difference at 12-month follow-up in the sertraline compared with the placebo group (95% vs. 64%). Across both conditions, participants significantly decreased their alcohol use and there was no difference between the sertraline and the placebo groups.
Interim Summary of Pharmacologic Interventions for PTSD. One of the 3 studies clearly found that sertraline was more effective in decreasing PTSD symptoms than placebo (Hien et al., 2015) while another found a trend-level advantage of sertraline over placebo on PTSD outcomes (Brady et al., 2005) . The third study (Petrakis et al., 2012) used an active control (the antidepressant desipramine) and compared it to paroxetine; both antidepressants were equally effective in significantly decreasing PTSD symptoms over time but without a placebo comparison, it is difficult to fully interpret these data. Neither of the sertraline studies found the serotonergic antidepressant medications more effective than placebo in decreasing alcohol use outcomes. One study (Petrakis et al., 2012) found that the active control, desipramine, was more effective than the serotonergic medication in terms of alcohol use outcomes. Desipramine (and the other tricyclic antidepressants) is considered second-line medications by the VA/DoD Clinical Practice Guidelines (The Management of Post-Traumatic Stress Working Group, 2013).
Medications Targeting Alcohol Use Outcomes
Four studies have evaluated medications targeting alcohol use in comorbid group of subjects. Three studies evaluated the FDA-approved medication naltrexone; one of these studies also included disulfiram, which is also FDA-approved for treating AUD. A fourth study evaluated topiramate; which although not FDA-approved is recommended as a secondline treatment for alcohol use disorders (Johnson, 2016) and therefore is included in this section. It should be noted that while these studies assessed PTSD symptoms, the main outcomes were alcohol use outcomes.
The first study is a secondary analysis of the subgroup of veterans with PTSD from a 12-week 2 9 2 clinical trial conducted to evaluate naltrexone (50 mg) and disulfiram (250 mg) in patients with AD and any Axis I disorder (Petrakis et al., 2005) . The parent study involved 254 veterans, and there were 93 in the PTSD subgroup. Disulfiram was randomized in an open fashion to medication or no medication; naltrexone was randomized in a double-blind, placebo-controlled fashion resulting in 4 groups: disulfiram + naltrexone, disulfiram + placebo, naltrexone, and placebo. The secondary analysis evaluated whether the presence of PTSD compared with the absence of PTSD (n = 161) influenced alcohol use outcomes (Petrakis et al., 2006 ) and compared any medication versus no medication, naltrexone versus disulfiram, and the combination of naltrexone and disulfiram versus each medication alone. Results suggested that individuals with PTSD had better alcohol use outcomes, specifically on the percent of heavy drinking days and consecutive days of abstinence in the presence of active medication compared with no medication. On the primary AUD outcomes of number of heavy drinking days and consecutive days of abstinence, there were no significant differences between active medication groups and no significant effect of the combination of medications compared with either alone in the PTSD subgroup. PTSD symptoms were also evaluated and improved over time for all 4 groups in the PTSD subgroup; disulfiram treatment was associated with lower CAPS scores over time, and naltrexone treatment was associated with lower scores over time on the hyperarousal subscales.
In the second naltrexone study (also described above), the antidepressants paroxetine and desipramine were each either paired with naltrexone 50 mg or matched placebo and were compared in a group of veterans (n = 88) in a 12-week trial (Petrakis et al., 2012) . As noted above, alcohol consumption decreased significantly over time for all 4 groups with results favoring desipramine over paroxetine for most alcohol consumption outcomes. Naltrexone did not, however, outperform placebo with regard to consumption outcomes, although there was a significant difference in craving such that those assigned to naltrexone reported significantly greater decreases in alcohol craving than those assigned to placebo. This suggests that there may be some effect of naltrexone, but not enough to change drinking behavior in a clinically meaningful way. None of the medications were associated with significant between-group differences on PTSD outcomes. The third study evaluated a behavioral treatment for PTSD (prolonged exposure or PE) both with and without alcohol-oriented supportive treatment along with naltrexone 100 mg versus placebo for 6 months (n = 165; PE/SC + NLTX; PE/SC + PLA; SC + NLTX; SC + PLA; Foa et al., 2013) . The behavioral treatment results are described elsewhere ( Simpson TL, Lehavot K, Petrakis IL, unpublished data). Alcohol use outcomes improved significantly over time for all groups, and there was a significant effect of naltrexone for percent drinking days at the end of treatment; this finding was sustained at follow-up. Similarly, there was a significant effect of medication on alcohol craving over time. There was, however, not a main effect of medication on PTSD outcomes at any time point, although post hoc analyses indicated that people assigned to receive both naltrexone and PE were more likely to have clinically significant improvements in PTSD outcomes at the 6-month follow-up than those in the other 3 conditions.
One study has evaluated topiramate (300 mg) treatment compared with placebo in veterans (n = 30) on both alcohol use outcomes and PTSD symptoms (Batki et al., 2014) . Because there is a small literature evaluating topiramate as both augmentation and monotherapy (for review, see Watts et al., 2013) to treat PTSD, the investigators hypothesized topiramate may improve PTSD symptoms as well reduce drinking. In this study, subjects in both groups significantly decreased alcohol use over time. Although there were no significant main effects of medication by time for the primary alcohol use outcomes, there was a main effect of medication favoring topiramate for drinking days and a trend for a medication effect by time on drinks per week and drinks per drinking day. Similarly, there was a significant effect of time for PTSD symptoms and a trend regarding overall PTSD symptom severity and the hyperarousal symptom cluster indicating an effect of topiramate over placebo.
Interim Summary of Pharmacologic Interventions for Alcohol Use Disorders. Two of the 3 studies using naltrexone found some evidence of an advantage of medication on alcohol use outcomes (Foa et al., 2013; Petrakis et al., 2006) , although it should be noted that the Petrakis and colleagues (2016) study evaluated the combination of 2 medications, disulfiram and naltrexone, and so those results were not specific to naltrexone. The other was a more straightforward comparison (Foa et al., 2013) , and naltrexone treatment was associated with better alcohol outcomes. Foa and colleagues (2013) also found an indication that naltrexone in combination with PE was associated with better PTSD outcomes at the final assessment. The third study by Petrakis and colleagues (2012) found an advantage of naltrexone for craving, as did the Foa and colleagues (2013), but there were no differences found on any alcohol use outcomes. It should be noted that 2 of the 3 studies used a naltrexone dose of 50 mg, while the third used a dose of 100 mg (Foa et al., 2013) . In the only study evaluating topiramate, the active medication was associated with better outcomes for some alcohol use indices and showed a trend toward greater PTSD symptom reductions. Taken together, these studies suggest that naltrexone may have an advantage over placebo and that topiramate treatment is promising, but the small sample in a single-site study is not definitive.
Medications with Novel Mechanisms of Action that Target Both Alcohol Use Outcomes and PTSD
Three studies have evaluated medications that were hypothesized to treat both disorders. Two of these studies used the alpha-adrenergic medication prazosin and 1 study used the neurokinin-1 receptor antagonist aprepitant in a proof-of-concept laboratory study. The first prazosin study involved veterans and civilians with PTSD and AD (Simpson et al., 2015) was originally designed as a 12-week study, but because of higher-than-expected dropout, the study was scaled back to 6 weeks. Most (6/10) of the dropouts left the study because of practical reasons (e.g., time commitment of the study, reimbursement, transportation). The titration was accomplished in 2 weeks, so a 6-week trial should be adequate to evaluate medication response. In this study, 30 subjects, including 37% of women, were randomized to receive 16 mg of prazosin versus placebo; 18 subjects were included in the 12-week study before it was redesigned. There are differences in retention rates both across conditions and study time frames; those in the 12-week study duration had better retention on placebo, but the opposite was found in the 6-week study duration. Medication compliance was slightly higher in the placebo group. Results from this study suggested an advantage of prazosin over placebo with greater reductions in percent drinking days and heavy drinking days for the prazosin group compared with the placebo group. In this study, there was no significant improvement in PTSD symptoms over time and no medication effect. Sleep outcomes were also assessed, but there was no change over time and no medication effect. The second prazosin study was conducted in mostly male veterans from 2 VA outpatient sites (Petrakis et al., 2016) . Veterans with PTSD and AD were randomized to 16 mg of prazosin versus placebo for 12 weeks; Medication Management was the behavioral platform. Retention in this study was high, with no differences between groups. Subjects as a group decreased their drinking significantly over time, but there were no significant group differences. In this study, the drinking outcomes were confounded by a site difference such that they were better at the site in which a majority of subjects were also in sober housing. PTSD symptoms also decreased significantly over time, but there were no group differences. Sleep disturbances and nightmares were also assessed; these significantly improved over time, but there was no effect of medication.
The final RCT was a 4-week inpatient study conducted with 53 individuals with PTSD and AD (Kwako et al., 2015) . This was a proof-of-concept study evaluating the neurokinin-1 receptor antagonist aprepitant. Neurokinin-1 receptors are found in the amygdala and hippocampus and are thought to be involved in stress response circuitry; antagonism of neurokinin-1 receptors blocks stress responses in laboratory animals (Schank et al., 2011) . In this double-blind, placebo-controlled study, the main outcomes were PTSD symptoms, response to stress reactivity, and alcohol craving in the laboratory. Alcohol consumption data were not collected or relevant. There was no effect of aprepitant on PTSD symptoms, alcohol craving, nor on subjective physiologic response during the laboratory sessions.
Interim Summary of Pharmacologic Interventions for Alcohol Use Disorders. Of the 2 studies evaluating prazosin, one suggested that prazosin was effective in decreasing alcohol use (Simpson et al., 2015) and the other did not (Petrakis et al., 2016) ; however, the latter was limited by a potential confound of sober housing which may have overwhelmed any medication effect. In both studies, prazosin was not effective in decreasing PTSD symptoms. In the only study with aprepitant, the active medication did not influence PTSD symptoms or alcohol craving in the laboratory in response to either stress reactivity or cue reactivity.
DISCUSSION
There is a small but growing literature of pharmacotherapies to treat AUD with comorbid PTSD. The conclusions from this review suggest that there is not 1 agent that has clear evidence of efficacy in this comorbid group. There was at best weak evidence to support the use of medications to treat AUD among those with comorbidity with PTSD. Specifically, across the 3 studies evaluating naltrexone, one found modest efficacy in treatment of AUD and it should be noted that this was the only study to use 100 mg (Foa et al., 2013) , one found no effect (Petrakis et al., 2012) , and one found some suggestion of a medication effect, although because naltrexone was paired with disulfiram the medication effect cannot be attributed solely to naltrexone (Petrakis et al., 2006) . Naltrexone was effective in decreasing craving in those studies that evaluated it (Foa et al., 2013; Petrakis et al., 2012) . Topiramate was promising as it was effective in decreasing alcohol use, but thus far has only been evaluated for comorbidity in 1 small study.
There is some promising evidence for the use of the SRI, sertraline to treat PTSD in comorbidity such that this medication was effective in treating PTSD in 1 (Hien et al., 2015) study and was found to outperform placebo at the trend level in another (Brady et al., 2005) . However, neither of these studies found an advantage for sertraline over placebo for alcohol use outcomes. Interestingly, the noradrenergic antidepressant desipramine was as effective as the serotonergic paroxetine for PTSD and desipramine had other advantages in alcohol use outcomes. Prazosin was effective in decreasing alcohol use in 1 study (Simpson et al., 2015) but not in the other larger trial (Petrakis et al., 2016) ; prazosin was not effective in treating PTSD symptoms in either study evaluating its efficacy. The neurokinin-1 receptor antagonist aprepitant had no effect on PTSD symptoms or alcohol craving (Kwako et al., 2015) .
The randomized clinical trials treating AUD and comorbid PTSD were mostly well-designed studies that used similar inclusion/exclusion criteria, notably current DSM-IV diagnosis of alcohol dependence and PTSD, with current drinking requirements for entry. A few differences were noted; for example, the Hien and colleagues (2015) study included subjects with subthreshold PTSD and only 1 study included PTSD severity as a criterion for entry into the study (Foa et al., 2013) . Similarly, the outcome measures were mostly comparable, reporting on alcohol consumption based on the Time Line Followback Method and PTSD symptoms using Clinician-Administered PTSD (CAPS) or its derivative, the PTSD Checklist (PCL). Only 2 studies reported on a "clinically meaningful change" (Foa et al., 2013; Hien et al., 2015) and 1 study characterized subjects based on onset of PTSD and onset of alcohol dependence (Brady et al., 2005) , but the validity of these subgroups is not well established. Because the studies used similar inclusion/ exclusion criteria and similar outcomes, making overall conclusions based on these studies seems reasonable.
Nevertheless, there are contradictory findings in every category. The reasons for these differences are likely not due to significant methodological differences as outlined above. However, some issues should be noted. First, 4 of the 9 studies were conducted in primarily male veteran subjects; the rest had significant numbers of women. There is evidence of gender differences in medication response for both the antidepressants (Keers and Aitchison, 2010) and naltrexone Roche and King, 2015) . Other potential confounds include severity and chronicity of illness, type of trauma experienced, other comorbid diagnoses, concomitant psychotropic medications, and whether additional treatment resources were available (e.g., sober housing, robust addiction counseling services). Most of the studies allowed comorbid depressive disorders, drug use disorders, and subjects who were prescribed other medications.
Several comments about methodological challenges in conducting these studies should be highlighted. The first issue is how to handle providing treatment of multiple psychiatric disorders in a safe and ethical manner. Most of the studies provided treatment for both disorders using either a combination of medications (Petrakis et al., 2012) or a medication plus a psychosocial intervention (Brady et al., 2005; Foa et al., 2013; Hien et al., 2015) . In the Brady and colleagues (2005) study, the psychosocial intervention was provided to all participants to treat addiction and the Hien and colleagues (2015) study provided all participants an integrated treatment to address both PTSD and AUD. In contrast, the Foa and colleagues (2013) study used a base behavioral treatment to address AD for all participants and randomized to either receive or not receive an additional behavioral treatment for PTSD (Foa et al., 2013) . Some of the studies providing only 1 medication hypothesized that the medication would target both disorders (Batki et al., 2014; Kwako et al., 2015; Petrakis et al., 2016; Simpson et al., 2015) , but in most of these studies, subjects were allowed concomitant psychotropic medications outside of the context of the study to treat PTSD. The 1 study that did not allow concomitant medication was conducted in a safe and controlled inpatient unit (Kwako et al., 2015) .
Other methodological challenges include difficulty with recruitment. Generally, studies were conducted over many years and screened large numbers of subjects to reach target samples. Difficulty with recruitment may be another reason investigators have included subjects who are taking other psychotropic medications even though this complicates the interpretation of results. It should be noted, however, that to exclude patients with comorbid PTSD and AD who are taking psychotropic medications not only would make recruitment more challenging, but would also decrease the generalizability of the findings. Other issues that may have extra-medication bearing on findings include the different treatment settings noted across studies. As mentioned above, studies have been conducted at VA settings with male patients who have experienced combat, while others are in predominately female civilian populations, limiting the ability to compare findings across studies.
Despite these issues, there are some positive conclusions. Overall, clinicians can be reassured that medications approved to treat 1 disorder can be used safely and with some efficacy in this comorbidity. Addressing both disorders, whether by a combination of medications to treat each disorder or by combining medication with behavioral treatments seem most likely to be effective. Participants in these trials for the most part improved over time regardless of the interventions. Nevertheless, the results are disappointing from a research standpoint in that the effects of the target medication interventions were modest at best and no category of medication had consistent positive results across alcohol and PTSD outcomes.
Where does one go from here? Although there were 9 RCTs, with over 700 subjects, there was not much depth in evaluating a particular medication and several trials were very small.
Additional large clinical trials with sample sizes that can account for gender differences as well as veteran/ civilian status are needed. It is noteworthy that the studies involving a medication with a robust behavioral platform seem to have had the best results. Given the research to date, it seems unlikely that 1 medication will be effective in treatment of both disorders given the complexity of comorbidity. As medications emerge that appear to be effective at treating 1 of the disorders without comorbidity (e.g., gabapentin for alcohol), testing them in comorbidity, while not especially "innovative," is important before disseminating in "real-world" populations. Innovative studies evaluating medications based on neurobiology, such as other noradrenergic agents such as doxazosin, glutamatergic medications, such as the anticonvulsants, and others that target the stress reactivity circuitry, such as the neurosteroids, should also be explored, but might need to be tested first in "proof-of-concept" studies, such as the Kwako and colleagues (2015) study. Because inpatient studies are expensive, other innovative strategies such as laboratory studies using stress reactivity or cue-induced craving may be more efficient and cost-effective for testing novel therapies. This is an exciting field of study, which has important ramifications for both research and clinical treatment settings, and it is hoped that investigators will be encouraged to conduct studies that can move this field forward.
